Introduction
Candida species have emerged as important pathogens over the past few decades. Although C. albicans remains the most commonly occurring yeast species causing human infections, other Candida species have been increasingly recognized from clinical sources. Among non-C. albicans Candida species, C. parapsilosis currently stands out as the second or third most common yeast species isolated previous antifungal therapy [4, 8] . In several pediatric units, C. parapsilosis has emerged as a major pathogen responsible for candidemia [9 -11] . In particular, very and extremely low-birth-weight neonates bear the greatest risk [8] .
Before 2005, Candida parapsilosis was considered as a ' complex ' composed of three genetically distinct groups (labeled I, II and III) on the basis of a variety of molecular studies, including randomly amplifi ed polymorphic DNA analysis (RAPD) [12] , analysis of mitochondrial DNA sequences [13] and analysis of internal transcribed spacers (ITS) sequences of the ribosomal DNA [14] . Based on multilocus sequence typing (MLST) data, Tavanti et al . proposed the replacement of the groups II and III as two separate species, C. orthopsilosis and C. metapsilosis , respectively [15] . C. parapsilosis sensu stricto was retained for the original group I. Since C. orthopsilosis and C. metapsilosis strains are phenotypically indistinguishable from C. parapsilosis sensu stricto, their differentiation requires the use of molecular data. Although the exact prevalence of C. orthopsilosis and C. metapsilosis remains unknown, several recent studies indicate that they have an important role in human diseases, particularly in bloodstream infections [16 -21] .
Due to lack of epidemiological data concerning the C. parapsilosis complex in China, we studied the distribution of C. parapsilosis sensu stricto, and C. orthopsilosis and C. metapsilosis in East China. To facilitate rapid identi fi cation we also developed and assessed a simple and reliable PCR-restriction fragment length polymorphism (RFLP) assay. Furthermore, we evaluated the susceptibility profi le of the isolates to fi ve commonly used antifungal agents, namely, fl uconazole (FLU), voriconazole (VOR), itraconazole (ITC), amphotericin B (AMB) and micafungin (MFG).
Material and methods

Yeast strains
Reference strains used in this study were obtained from the American Type Culture Collection (ATCC) and the Centraalbureau voor Schimmelcultures (CBS) and included C. parapsilosis ATCC 22019, C. tropicalis CBS 8072, C. albicans ATCC 32354, C. dubliniensis CBS 7987, C. glabrata ATCC 2001, C. guilliermondii CBS 6021, C. krusei ATCC 6258, C. kefyr ATCC 28838 and C. lusitaniae CBS 6936. Two authentic strains, C. orthopsilosis AM2005/0298 and C. metapsilosis AM2005/0299 were used as controls. They were kindly provided by Prof. Frank C. Odds and Dr Donna M. McCallum (University of Aberdeen, Aberdeen, UK). A total of 60 C. parapsilosis strains were examined in this study, which had been isolated from various clinical sources between 12 March 2009 and 24 April 2010 (Table 1) . These strains originated from fi ve hospitals in four major cities of East China, i.e., Nanjing ( n ϭ 23), Nanchang ( n ϭ 22), Shanghai ( n ϭ 12) and Jinan ( n ϭ 3, kindly provided by Dr YH Xu of Shan Dong University). Strains from Nanchang were initially characterized by API 20C AUX (BioM é rieux, France) as C. parapsilosis . Those from the three other cities were identifi ed using the Vitek Yeast Biochemical Card system (YBC, BioM é rieux, France). All were maintained on Sabouraud dextrose agar during the experiments.
DNA extraction
Yeast cells were cultured in YEPD broth (1% yeast extract, 2% peptone, and 2% dextrose) and incubated for 48 h at 35 ° C under shaking conditions (200 rpm). The yeast cells were collected by centrifugation of 2 ml of the broth culture at 12,000 g for 2 min, suspended and mixed in 600 μ l 1 M sorbitol-50 mM phosphate buffer (pH 7.5) containing 50U lyticase (Sigma, St. Louis, MO, USA). After incubation at 30 ° C for 30 min, the cells were centrifuged at 1500 g for 10 min. The supernatant was then discarded and the pellet was collected. Biospin Fungus Genomic DNA Extraction Kit (BioFlux, Tokyo, Japan) was used to extract genomic DNA from fungal strains by following the manufacturer ' s instructions. The DNA obtained was fi nally suspended in 100 μ l TE buffer and stored at Ϫ 20 ° C until use.
Amplifi cation and sequencing of the ITS region
Amplifi cation of the ITS1-5.8S rRNA gene-ITS2 region was performed using primers ITS1 (5 ′ -TCCGTAGGT-GAACCTGCGG-3 ′ ) and ITS4 (5 ′ -TCCTCCGCTTATT-GATA-3 ′ ) as described by White et al . [22] . Reaction volumes of 50 μ l contained 25 μ l of GoTaq Green Master Mix (Promega, Madison, WI, USA), 20 ng of genomic DNA and 1.5 μ l of each 100 μ M primer. PCR conditions were as follows: a fi rst cycle of denaturation for 2 min at 94 ° C, followed by 30 cycles of denaturation at 94 ° C for 30 s, annealing at 60 ° C for 90 s, and elongation at 74 ° C for 1 min, with a fi nal extension step of 10 min at 74 ° C. The amplifi ed products were purifi ed using a QIAquick PCR Purifi cation Kit (Qiagen, Hilden, Germany). Both strands of purifi ed amplicons were sequenced through the use of an ABI Prism 3730xl DNA analyzer (Applied Biosystems, Foster City, CA, USA) with the primers ITS1 and ITS4.
ITS sequence analysis
Sequence data were processed with SeqBuilder software (DNAstar; Lasergene, Madison, WI, USA) and inspected 
RAPD analysis
Arbitrary primer RPO2 (5 ′ -GCGATCCCCA-3 ′ ) was used for screening of the molecularly identifi ed isolates [15] . Reaction volumes of 50 μ l contained 20 ng genomic DNA, 25 μ l of GoTaq Green Master Mix (Promega), 5 μ l of 100 μ M primer and a corresponding amount of nuclease-free water. PCR amplifi cation was performed in a DNA Engine (PTC-200) Peltier Thermal Cycler (BIO-RAD, Hercules, CA, US) with the following parameters: 94 ° C for 2 min; 94 ° for 1 min, 36 ° C for 1 min and 72 ° C for 75 s, 35 cycles; 72 ° C for 10 min and 4 ° C hold. PCR products were separated by electrophoresis in a 2.0% agarose gel containing ethidium-bromide (0.5 mg/ml); the running buffer was 1 ϫ TBE (90 mM Tris borate [pH 8.3 ], 2 mM EDTA). A 100-bp DNA ladder was used as a molecular size marker. The RAPD profi les were visualized under UV light and photographed. Strains were assigned to their respective RAPD types based on the presence or absence of major DNA bands generated by PCR.
Molecular discrimination via PCR-RFLP
Primers POMF (5 ′ -TAGGTGAACCTGCGGAA-3 ′ ) and POMR (5 ′ -CAGCGTATCGCTCAACA-3 ′ ) were designed to amplify a C. parapsilosis complex-specifi c DNA fragment of the ITS region, designated as POM. Reactions were performed in 50 μ l volumes containing 25 μ l of GoTaq Green Master Mix (Promega), 2 μ l of genomic DNA and 1 μ l of each 100 μ M primer. PCR amplifi cation conditions were as follows: denaturation at 94 ° C for 5 min, followed by 30 cycles of denaturation at 94 ° C for 150s, annealing at 62 ° C for 45 s and elongation at 72 ° C for 60s, with a fi nal extension step for 10 min at 72 ° C. POM amplifi cation was attempted for all strains belonging to the C. parapsilosis complex, as well as the reference strains. Based on the restriction analysis using the SeqBuilder program (DNAstar; Lasergene), StuI and StyI were chosen to generate species-specifi c patterns. Enzymatic digestions were performed in a 32-μ l reaction volume containing 2U of StuI or StyI (Promega), 10 μ l of PCR products, 2 μ l of 10 ϫ Buffer G (for StuI) or Buffer O (for StyI ), and 18 μ l of nuclease-free water as the protocols recommended. Digested products were separated by electrophoresis and visualized under UV light as described above.
Antifungal susceptibility profi ling
The antifungal susceptibility testing was performed according to the M27-A3 protocol of the Clinical and Laboratory Standards Institute (CLSI) [24] . Standard antifungal powder of AMB (Sigma, St. Louis, MO, USA), FLU (Sigma, St. Louis, MO, USA), ITC (Sigma, St. Louis, MO, USA), VOR (Pfi zer, New York, USA) and MFG (Astellas Pharma, Osaka, Japan) were obtained from their respective manufacturers. Stock solutions of FLU and MFG were prepared in distilled water, while VOR, ITC and AMB were diluted in dimethyl sulfoxide. All stock solutions were kept at -70 ° C until use. Serial twofold dilutions of antifungal agents were prepared in RPMI 1640 medium (Gibco, Grand Island, NY, USA) which was buffered to pH 7.0 with 0.165 M morpholinepropanesulfonic acid buffer (MOPS, Sigma). MICs were determined for MFG after 24 h of incubation at 35 ° C and 48 h for azoles and AMB. The susceptibility breakpoints used for MFG and the azoles were those published by CLSI [24] . For AMB, though no established breakpoint is available, strains displaying MICs of Յ 1 μ g/ml were considered susceptible. The type strain C . parapsilosis ATCC 22019 was used for quality control.
Statistical analysis
Differences in antifungal MIC distributions were examined using the Mann-Whitney U test with SPSS for windows version 16.0 (SPSS Inc., Chicago, IL). A P value of Ͻ 0.05 was considered signifi cant.
Results
Sequence analysis of the ITS region and species distribution
The ITS sequences of C. parapsilosis sensu stricto strains were identical and showed 100% identity to that of the type strain C. 41 of the 60 clinical strains were reidentifi ed as C. parapsilosis sensu stricto, 16 as C. metapsilosis and three as C. guilliermondii (Table 1) . C. orthopsilosis was not observed. The three C. guilliermondii strains were excluded from further study. C. parapsilosis sensu stricto was found to be the most common member of the species complex, representing 71.9% (41/57) of all strains. Interestingly, a signifi cant geographic variation in species distribution among the four cities was observed (Table 2 ). In Nanjing, Shanghai and Jinan, C. parapsilosis sensu stricto was the predominant species (89.2%), with only a total of 4 (10.8%) strains of C. metapsilosis obtained from these three cities.
In contrast, C. metapsilosis made up 60% of the 20 strains isolated from 19 patients in Nanchang.
RAPD analysis
Based on the major DNA fragments generated by primer RPO2, three distinctive RAPD genotypes (designated A to C) were obtained (Fig. 2 ). All C. parapsilosis sensu stricto strains generated genotype A showing three major bands between 100bp and 300bp. C . orthopsilosis AM2005/0298 produced genotype B, featuring multiple bands larger than 400bp. All C. metapsilosis strains, including the control strain AM2005/0299, were identifi ed as genotype C characterized by three major bands between 100 and 400bp.
Discrimination via PCR-RFLP
All clinical strains, as well as the reference and controls, could be unequivocally distinguished by their distinct digestion patterns, and the results obtained were in agreement with the sequence-based identifi cation (see above). POM fragments of all C. parapsilosis complex strains tested were successfully amplifi ed. No amplicons were obtained from reference strains of other Candida species. PCR amplifi cation with the primer pair POMF/ POMR yielded an amplicon of 373 bp for C. parapsilosis sensu stricto, 366 bp for C. orthopsilosis and 380bp for C. metapsilosis (Fig. 3) . Using restriction analysis, the isolates were molecularly discriminated as C. parapsilosis sensu stricto, C. orthopsilosis and C. metapsilosis as follows (Fig. 4) : C. parapsilosis sensu stricto had one StuI restriction site (102, 271bp), but none for StyI; C. orthopsilosis had one StyI site (103, 263bp), but none for StuI; amplicons from C. metapsilosis remainded undigested by either enzyme.
Antifungal susceptibility profi le
The susceptibility profi les are summarized in Table 3 . All strains tested were found to be susceptible to FLU. The highest MIC to FLU obtained with isolates of both species was 4 μ g/ml. MICs of ITC ranged from 0.03 -0.25 μ g/ml in both species. Among C. parapsilosis sensu stricto strains, the majority (85.4%) was susceptible to ITC, six (14.6%) were dose-dependent susceptible, and no resistant isolates were detected. Among 16 C. metapsilosis strains, 13 (81.2%) were susceptible to ITC while three (18.8%) were dose-dependent susceptible. VOR showed the most potent in vitro effect. The two species were equally susceptible to VOR with MIC 50 s and MIC 90 s of both C . parapsilosis sensu stricto and C . metapsilosis strains as low as 0.015 μ g/ml and 0.03 μ g/ml, respectively. Similarly, all strains of both species were susceptible to AMB with MIC 50 s and MIC 90 s of 0.5 μ g/ml and 1 μ g/ml, respectively. Remarkably, C . parapsilosis sensu stricto exhibited higher MIC values for MFG than C . metapsilosis ( P Ͻ 0.05). MIC 50 and MIC 90 for C . parapsilosis sensu stricto, were 1 μ g/ml and 2 μ g/ml respectively, which were two-fold higher than those of C . metapsilosis (0.25 μ g/ml and 0.5 μ g/ml respectively). The control strain C . orthopsilosis AM2005/0298 was susceptible to all fi ve antifungal agents tested.
Discussion
Isolation and identifi cation of C. orthopsilosis and/or C. metapsilosis from clinical samples has been reported in Europe, North America, Asia and Brazil (Table 4) . In these studies, 70.7 -95.6% of the isolates were confi rmed to be C. parapsilosis sensu stricto, whereas C. orthopsilosis and C. metapsilosis were detected at a much lower incidence.
In a large-scale study involving almost 2,000 internationally collected isolates, C. orthopsilosis represented 6.1% of all isolates while C. metapsilosis was determined to represent only 1.8% of the isolates [25] . Although the exact prevalence of these fungi is unclear, C . orthopsilosis seems to be more frequently recovered than C . metapsilosis . Two studies performed in Malaysia and Kuwait also indicated a higher incidence of C. orthopsilosis than C. metapsilosis [18, 19] . In China, limited epidemiological data pertaining to the C. parapsilosis complex is available. Observational studies in mainland China primarily relied on conventional carbon-assimilation methods for identifi cation and no discrimination of the three related species was ever been conducted. In the large-scale study mentioned above, 28 strains recovered from China were found to be composed of C. parapsilosis sensu stricto at 78.6% (22/28) of the strains, and C. orthopsilosis and C. metapsilosis each represented by 10.7% (3/28) [25] . Recently, a Taiwanese study revealed that C. parapsilosis sensu stricto represented 83.5% of 97 clinical strains, with 7.2% and 9.3% being C. orthopsilosis and C. metapsilosis , respectively [26] . The present study, however, showed a slightly different picture. On the one hand, C. parapsilosis sensu stricto made up the majority of the isolates (71.9 %) in agreement with most published reports. The lack of C. orthopsilosis in our study may be due to its small sample size. On the other hand, a signifi cantly high prevalence of C. metapsilosis (28.1%) was found, and these were mainly obtained from the city of Nanchang, i.e., 60.0% of the isolates from Nanchang were identifi ed as C. metapsilosis . Such a high occurrence of C. metapsilosis in one area is remarkable as this new member of the complex is reported to be rarely recovered from clinical sources. This unique distribution pattern was not observed in similar patient groups from Nanjing or Shanghai or in other parts of the world (Table. 4 ). Trofa et al . suggested that C. metapsilosis is an environmental microbe while C. parapsilosis sensu stricto and C. orthopsilosis have adapted to exist as human commensals [8] . We therefore investigated the profi le of the patients from whom these strains were obtained, and found that most were isolated from cutaneous samples of dermatological outpatients between March and September of the year 2009. No apparent associations, however, could be identifi ed among them. Although no data concerning their occupations were available in our study, these outpatients may possibly have been in contact with the same type of environment. As C. metapsilosis is considered to be an environmental yeast, our data suggested that those C. metapsilosis strains from Nanchang were likely to be found in of similar exogenous origins. In addition, as Nanchang is an inland city its inhabitants show a relatively low degree of mobility compared with residents of Shanghai and Nanjing. Furthermore, a special profi le of skin microbiota involving C. metapsilosis might also exist within its population. Naturally, further characterization using a wider collection of strains from Nanchang is warranted to validate these hypotheses and overcome this study ' s limitation of small sample size. Although considered as the least virulent member of the C . parapsilosis complex, recent data indicated an increasingly important role of C. metapsilosis in human mycoses, especially in blood-stream infections. Kocsube et al . identifi ed one C. metapsilosis strain out of 18 C . parapsilosis blood isolates recovered in Hungary [16] . Studies characterizing candidemia in Spain, Denmark and Brazil also detected C. metapsilosis in blood samples [17, 20, 21] . In Asia, similar results were obtained, i.e., C. metapsilosis was isolated in blood cultures in Malaysia, Kuwait and Taiwan [18, 19, 26] . In our study, we identifi ed one blood strain of C. metapsilosis as well, but due to the fact that only three blood strains were used, we were unable to determine the prevalence of C . metapsilosis in candidemia. As C . metapsilosis is rarely isolated from clinical sources, its occurrence in blood cultures deserves particular attention. In addition, C . metapsilosis is less virulent in tissue culture models and more susceptible to phagocytosis and anticandidal activity by microglial cells than C . parapsilosis sensu stricto and C . orthopsilosis [27, 28] . Therefore a strain-dependent virulence mechanism might contribute to the invasiveness of this commonly non-virulent yeast.
Candida metapsislosis has been previously demonstrated to be genetically heterogeneous [13, 29, 30] . In our study, analysis with the primer RPO2 revealed two different RAPD genotypes among clinical strains, i.e., A and C, corresponding to C. parapsilosis sensu stricto and C . metapsilosis, respectively. The two RAPD types were in accord with previous studies [30 -32] . Although these data did not identify genetic variability among Chinese C . metapsilosis strains, the ITS sequence analysis revealed the presence of two unevenly distributed genotypes (i.e., Genotype 1 and 2). Similarly, various ITS genotypes have also been described for other Candida species, e.g., C. dubliniensis [33] . Tay et al . identifi ed two new ITS sequence types in two C . metapsilosis strains that belonged to RAPD type P4, which were distinct from that of the type strain ATCC 96144 [18] . Genotype 2 as observed in our study agreed with one (strain 3516) of the two sequence types in his study.
Since the descriptions of C. orthopsilosis and C. metapsilosis in 2005, several molecular methods for their identifi cation have been developed. Tavanti et al . described a PCR-RFLP method by amplifi cation of the secondary alcohol dehydrogenase ( SADH ) gene followed by restriction digestion with BanI [15] . This method has become a standard method that has been widely applied in subsequent studies. However, Mirhendi et [19] . All these methods have proved to be reliable, but some of them are time-consuming or expensive for clinical use, particularly sequencing-based methods.
In our study, we designed specifi c primers POMF and POMR which amplifi ed a fragment of the ITS region. Subsequent enzymatic digestion with StuI and StyI successfully separated C. parapsilosis sensu stricto, C. orthopsilosis and C. metapsilosis . This PCR-RFLP method, like those previously reported, is an attractive method due to its reliability, low costs involved and its ability to be used in many laboratories. Combined with colony PCR which would allow instant extraction of yeast DNA, the whole process of species identifi cation would require less than 5 h.
Finally in this study we evaluated the in vitro activities of FLU, ITC, VOR, AMB and MFG against C. parapsilosis, C. orthopsilosis and C. metapsilosis isolates. The results showed that the C. parapsilosis , C. orthopsilosis and C. metapsilosis strains were susceptible to FLU, VOR, AMB and MFG. All strains fell well within the MIC range as previously reported [25] . Van Asbeck et al . found that C . metapsilosis strains were slightly less susceptible to FLU than the other two species within the complex [36] . In our study, however, the observed differences were minor.
Candida parapsilosis sensu stricto isolates were consistently found to be less susceptible to echinocandins in vitro [20, 25, 26, 37] . Similar fi ndings were also obtained in this study. This reduced susceptibility of C. parapsilosis complex to echinocandins deserves particular attention as breakthrough infections after echinocandin therapies have been reported [38, 39] . Van Asbeck et al . suggested that structural differences in the cell wall components, a reduced affi nity for the glucan synthase protein complex, or variations in the regulatory network of the fungi might be responsible for the reduced susceptibility to echinocandins [40] . It is interesting to note that C. parapsilosis sensu stricto were shown to be less susceptible to echinocandins than C. orthopsilosis and C. metapsilosis [25, 36] , including the present one. Recently, Goncalves et al . found no differences in the susceptibility of Brazilian C. parapsilosis complex to caspofungin [21] . However, the numbers of C. orthopsilosis and C. metapsilosis strains in that study were relatively small for a sound statistical analysis. Further comparative investigations into the molecular and biological nature of the glucan synthase protein complex of the three species may help to explain their susceptibility variation.
In conclusion, we report the species distribution and antifungal susceptibilities of members of the C. parapsilosis species complex recovered from four major cities in East China. A geographical variation was noted as a signifi cantly high incidence of C. metapsilosis was observed in the city of Nanchang. Clinical discrimination among C. parapsilosis sensu stricto, C. orthopsilosis and C. metapsilosis seems unnecessary due to similar susceptibility profi les to commonly used azoles and AMB. However, when it comes to echinocandins, identifi cation to the species level is desirable because of different susceptibility profi les.
